:tion and the First Law of 
dynamics 


Se 


11 A certain fi 
being 0.05 : 


(1) at cor 


it 10 bar is contained in a chader behind a piston. the initial volume 
~alculate the work done by the fuid when it expands reversibly: 

。 b 
* pressure to a Anal volume of 0.2 m^: 


4 


re of 2 bar; 


(11) accor 


+ linear law toa fina! volume of 0.2 m? and a final pressu 


(ni) acco’ 


Solution 


11) Work input - 
ii) Work 1 5 
€ 
e. 
~ 
1e Work output 
| ' I. 
- « A | ' 
P (iv) Work = 
NK f wa”? | wt We * k a y = - 
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we man eg al c 
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y = ar, c^ 
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了 上 D 
I ! d 


(o à law pr = 
to a law pe 


3. 
constant ta a final volume of 0.1 m 
constant te a (mai volume of 0.06 m” 


to a law. p=(4 F2) —48 F) to a fina a: volume of 0. m” 
bar. «here A and B are ce 
agram. 


«esses on a p-c c 


| work input 


art. output 


input 


output 


and a final 
ustantē. 


10x199x(0.05 一 


150 000 N m 


sist 159: 000- Nm 
5ati2x0.15) 3. O. 1902. 10) 
2 
- 90 OOO N m 
= + 959 000 N m 


16»*x10x0.05x1n(0.05/0.1) 


- 700 N m 


24 


+ 34 700 N m 


0x105x(0.05) 
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for download complete version of solutions ( chapter 1-2-3-4-5-11-12) click here. 
(P "mec や | | | 
; UA 290.04. am 6 9.3 | : 
| Therefore, | 
p = 0.24 ; DE 
vo Be. d 
Work input =) O x0, al +... 
| .05 0.1 
| | *x0.3x1n(0.05/0.1) 
| = ! 0.04x:0€ + 0.0208x106 
| z 19 20C N m 
ie Work output : . 19 200 I. m | | 
UN 1 (i) | 2 
: | 
< | ; 
E | ! , 
moe | 
wi US | 
^ Gv 
.- 3 ! 
は | | (ii) 
kā 
a 
y) 
2 SES TAR Fi s 
f a 
| | 
0.05 04% o a 0.2 à 
Vo ES on a! (mM - 
1.2 lkg of a fluid is compressed reversibly accor v to a law pe = 023, where p is in 
bar and v isin m^ kg. The final volume is 1 of . iritial volume. Calculate the work 
done on the fluid and sketch the process en ap diagram. 
Solution |. Work input = 1x0.25x10*xln( + = 34 660 N m e. 
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Ši | VERE Re ^ BERN. Introduction and the first law of thermodynamics? 


1.3 O0Sm'ofa e at 6.9 bar expands reversibly in a cylinder behind a piston according 
to the law pr! * = constant, untl the volume is 0.08 m”. Calculate the work done hy 
the gas and sketch the process on a p- V diagram. | 


Solution Final pressure 


6.9x(0.05/0.08)!.2 = 


5.926 bar 


HOCK Anput * 105w[(3:928x0,08).-.(6;9x0,091] E 4 
(12 1j 3 


"3x BO: «Mi Ti. 


ie WOrk output : + 15 480 N m 


ae 
- 


Pressure] (var) 
e” Y 


テー 
» 
? 
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oos 9-08 


Volume) tm) : > 


1.5 Ike of a finid expands reversibly 2ecordise to a linear law from 4.2 barto L4 bar: 
the imtial and final sclumes are 0004 n aad item" The Sad is then cocied 
reversibly at constant pressure, and finally compressed reversibh according to a law 
pe = constant back to the initial condition- of 4.2 bar and 0004 ml Calculate the 
work done in cach process and the net ware of the cycle, Sketch the cycle on a p-r 
diagram 
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Then, 
Work input = 105x((1.4x0.693) - (55x0.06)) 
1:29.14 
4 = - 466 000 N m/kg 
- - 466 kJ/kg 
Therefore, 
Ot Ws 230 < BOO = - 570 kJ/kg 
Gs = 570 - (-466) = - 104 kJ/kg 
le Heat rejected - 104 kJ/hy 
1.11 A sieam turbine receives a steam flow of 1.35 kg/s and tlie power output is 500 kW. 

The heat loss from the casing is negligible. Calculate: 

(1) the change of specific enthalpy across the turbine when the velocities at entrance 
anc exit and the difference in elevation are neglivibic; 

(1) the change of specific enthalpy across the turbine when :hz velocity at entrance is 
30 ms, the velocity at exit is 360 m/s, and the inlet pipe : 3 m above the exhaus: 
ripe. 

Solution (i) H = 1.35(h2 - hi) = - 500 ku 
ie hy. he = 500/1,55.5 370 kIJko 
Lai Ws 1.599[ fh + hy) 4 (Co や こさ ビュ ) t— WP 二 Z1)a) 
っ 

= - 500 kW 

Therefore, 
mi = ha = 200. + [$607 = 60*) 4 (-3x9.807) 
1.3 2x103 BE TS 
2» 570 + 65 = 0.029 = 433 kJ/kg 

(Note that the energy decrease due to the change in 


ma A steady flow of steam — a condenser with a Moselle enthalpy or Ey | PO 1 
anda velocity of 350 m/s. The condensate leaves the condenser with a specific ent 
in 160 kJ/kg and a v itis #f a mm dyn Coen the Met transfer to qu d 


. gi し 


: AMES g Mr J 
は S a šās 


Solution =. Uc thee my a (Cr E C) TEN L 
c X TRE 2 : i 
2 4160 = 2200) * 170* 2335007 * 9 
2x10? 
! = - 2199 kJ/kg 
ie Heat rejected = 2199 RJ/kg | 


—e — ———— O da 


1.13 A turbine operating under steady-Now conditions recen es steam al the GO 
state: poem 13. bar: specific volume O 14: m kg. specific internal energy 
2590 kJ kg. velocity 30m > The state of the steam leaving the turbine i5 as follows: 
pressure U35 bar, specific volume 4.37 m? kg. specttic internal energy 2360 kJ. ky. 


velocity 90 m s. Heat is rejected to the surroundings at the rate of 0.23 KW and the 


rate of steam Now through the turbine is 0.38 ke s. Calculate thc power developed 
by the turbine. : 
Solution Q4 | 
2 
: ous c9 x) «(favo EL DE, (024 Cy) 
Ta 
E - (2360 - 2590) + 105(0.35x4.37 - 13.8x0.143) 
1C2 
t+ CRO? LE 
2302 
lr: Sa WN zz TO. T2 DAR 


Therefore, 


Power input (*279.79»0.38) - (707257 


= 102.7-kW 


„ je Power output = 102.7 ku 


- 


- 


v e dori increasing. the dales oí; a steadily tiewing Bui At the inler. 
the specific enthalpy of the fluid is 3025 kJ/kg and the vel 


» the nozzle the specific enthalpy is 290K) kg. 
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C? = 50^ - 2x10?x(2790 = 


Final velocity, C2 - 688 m/s 


(ii) Mass flow rate C101/v1 = -"x0.1/0.19 


31.6 kg/s 


(iii) Exit area, Az = 31.6x0.5/688 
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20 bar 


Car ables 
h 
D nf sen 
SI âl (kJ-kg) 
2799 
3535 
ip. SO as Table 2.6 
able ìs given in 


iturated. 


h = 2799 kJ/kg 


saturated with t 


2400 


the text-book 


= Ve. and hence 
= he, and hence 


" 
N 
~ 
N 
> 
B 
o 


as 


the 


the 


11 


at p = 5 bar. v = 0.3565 m3/kg which 15 


Ve. and hence the steam is wet with t = 1841.9 "C; 


the dryness fraction. x = 0.3565/0.3748 =. 0.951, 


then, 
nh = hr + xhrg = 640 + 0.951x2109 
= 2646 kJ/ko 
U = Uf + xuro = 639 + 0.951(2562 - 639) 
= 2471 kJ/ka. 
Line 4: 
at t = 188 ^C. u = 2400 kJ/kg which is less than Us 


= 2588 KJ/ka and hence the steam is wet with D s 42 
bêr: x = u/(ug - ur) = 2400/(2588 - 797) - 0.895. 
and hence. v = 0.895x0.1632 = 0.1461 m3/kg, and 

n = 798 + 0.895x1986 = 2576 kJ/ka. 

Line 5: 

tha steam is wet with t - 240.9 "C: v = O.9x0.05B75 
= 0.0529 m3/ka, h = 1042 + 0.9x1761 = 2627 kJI/kg. 
and u - 1038 * 0.9(2603 - 1038) = 2447 kJ/kg. 

Line 6- 


the steam is wet uwithop O.S bar: v * 0.85x3.239 


= 2.75 ms/kg。 h = 340 + 0.85x2305 - 2300 kJ/kg, and 


p = 340°+ 0.85(2483 - 340) = 2165 kJ/kg. 


aon b E: 


and u can be read cff. 


Line 9: 


ティ 
E 


at p = 130 bar, f= 3335 kJ/kg which is greater 


than hg and hence the steam is superheated with t = 
SOC ^C; from superheat tables v and v can pe read 


off. 
Line 10: 


at: t w s eon me Ake which is greater 


than vg and hence the stesr is superheated at p-- 


1.5 bar; from superheat tabies h and u can be read 


off. 


Line 11: 


the steam is ASAS at pa 38 ¿2 bar 


values of ts. hts. vt and ug can oe€ found 


n= interpolating between the value at 308 p«r and 


so bar and the values ot v, r and u found usin the 
3 


arynezs fraction; for e«ample, 


vs 0.05246 - (36.2 — 25 


©.05246 - 0.04977) 
(40 = 


0.05219 m?/kg 


ie v = 0.8x0.05219 = 0.04175 m?/kg 


Line 12: 


the stem» is wet with x = 0.95; as for Yineakd be 


values can be found by interpolating, in this case 


t = 295 "C and t 2:299.2. "C. 


Mes crau 


Line 14: 


at p 
and hence the 
tables values 


and SO bar at 


therefore a double interpolation is required; 


44 bar, 


t= 420 "C which is greater than tg 


steam is superheated; in superhsat 
are tabulated for pressures of 40 bar 
temperatures of 400 *C and 450 'C 


for 


example, 


bar and t 


at p 40 420 “E 


0.0733 + 20(0.08 - 0.0733) - 0.076 m3/kg 


50 


bar and t 420 ^C; 


0.0578 * 20(0.0632 0.0578) 0.06 m3/kg 


3 50 


0.076 - 0..4(0.076 - 0.06) 0.0696 m3/kg 


A vessel of volume 0.03 m` contains dry saturated steam at 17 bar. Calculate the 


2.2 
Y S 


f 


7 


mass of steam in the vessel and the enthalpy =f this mass. 


Solution At 17 bar, vg-= 0.1167 m3/kg, therefore, 7. 


< Ys / 


Mass of steam 0.03/0.1167 0.257 kg 


Also, ha 2795 kJ/kg, therefore, 


mh 


0.257x2795 718 kJ 


Stesm at 7 bar and 250°C enters a pipeline and flows along it at constant pressure. 
If the steam rejects heat steadily to the surroundings, at what temperature will droplets 
of water begin to form in the vapour? Using the steady-flow energy equation, and 
neglecting changes in velocity of the steam. calculate the heat rejected per kilogram of 
stcam flowing. 


Solution Water droplets will begin to form at the saturation 


temperature corresponding to 7 bar. 


duct/applied-thermodynamics-for-engineering-te 


Saturated steam at 7 bar, hz = 2764 kJ/kg, then 
Os 2764 = 2935 = ^ 191 kJ/k っ 


Heat rejected = 191 kJ/kg 


0.05kg of steam at 15 bar is contained in a rigid: vessel of volume 0.0076 m”. 
is the temperature of the steam? If the vessel is cooled. at what temperature w 
steam be just dry saturated? Cooling is continued until the pressure in the ve; 
11 bar; calculate the final dryness fraction of the steam. and the heat rejected be 


the initial and the final states. 
Solution v = 0.0076/0.05 = 0.152 m3/k3 
Hence the steam is superheated since v 
superheat tables at p - 15 bar and v 
t = 280 "C. 
When cooling takes place at constant volume the 
steam is dry saturated when v 
Hence interpolating, 


E 2.1520 --6-1517)(191 


at li-bar and y 52 m’/ka the steam is wet wib 
a dryness fraction of, x = 0:152/9,177% 


and therefore, 
us = 780 *.0;B97(25B6 - 780) = 2277.4 LJ/k« 


Initially at p = 15 bar and v - 0.152 m3/kg. from 


superheat tables, ui - 2697 kJ/kg 


Hence, 


Q = 2327.4 - 2697 = - 369.6 kJ/kg 


Heat rejected = 369.6x0.05 = 18.5 kJ 


56.98) 


|. 63 kJ/kg K 


0.819 kJ/kg K 


h ce py E Of air occupying 0.05 m? at 20 bar. 
If thc internal energy is increases by 120 kJ as thc air is compressed to 50 bar, calculate 
the new volume occupied by 1 ke of the air. x 


Sofution Tos PV/mB = 20x105x0.05/1x287.1 - 348.3 k 
Therefore. 
u ® CCE = G.7lRNJABR x - 790.1 bS/hg 
“NS CRT. Si’ ee kJ/kg 
uz - 250.9 —* 129 < 370.1 kJ/kg 
ie Tax 370.1/0.718 SIS.5.K 
Therefore, 


Va 1x287.1xS15.5/S0x105 = 0.0296 m3 


Vp as — ee 


Oxygen, O;. at 200 bar is to be stored in a steel vessel at 20 C. The capacity of the 
vessel is 0.04 m°, Assuming that O, is a perïect gas. calculate the mass of Oxygen 
that can be stored in the vessel. The vessel is protected against excessive pressure by 

- A fusible plug which will melt if the temperature rises too high. At what temperature 
must the plug melt to limit (he pressure in the vessel to 240 bar? The molar mass of 
Oxxgen is 32 ke kmol. 


Solution > W 08.519342 > 5.26 =J/kg と 


Mass of oxygen 200>2050.04/0. 24-293 
10,5 xg 
At constant volume, 


We TORA = 295x240/202 = 391.6 'k 


ìe 1 limiting temperature : 351.6 - 273 = 78.6 SE 


A CC DM E E — Sch 


x "hen a certain perfect gas is heated at constant pressure from 15 C to 95°C, thc heat 
210 ma k a is 1136 kJ Ku When the same gas is heated at constan: volume between 
— the same temperatures the heat required is S08 KJ ke. Calculate €,. Cee 7, R and the 


PıYı/RI, 


lx10O> *0.085/0 


296x102 x261 


